A group of 2,081 sputum specimens were planted on Direct Cord Reading Agar. A total of 330 (16%) of these specimens produced positive cultures, 312 strains of Mycobacteriwn tuberculosis and 18 strains of atypical mycobacteria. The strains of M. tuberculosis showed visible cords on plates in 283 (90.8%) of the isolates and no atypical mycobacteria showed cording. The specimens from the newly admitted patients yielded, in 12 days, 59% of their total positives; 97.6% of these strains,
identified as M. tuberculosis with the standard methods recommended by the National Communicable Diseases Center, exhibited cording visible directly on the agar. It is suggested that, for practical purposes, a colony exhibiting cording could be tentatively reported as "M. tuberculosis to be confirmed."
Cord formation of Mycobacterium tuberculosis as a diagnostic and classification tool was described by Darzins and Fahr (1) and later recommended by Runyon (7) as well as by Tarshis (8) . In a previous publication (4) , I demonstrated that the addition of Triton WR 1339 (WR) to the 7H10 medium resulted in enhancement of growth in the lag phase of a mycobacteria culture, in larger colonies, and, most interestingly, in the production of cords visible directly on the isolation medium.
A group of 4,100 sputum specimens were planted on the original 7H10 medium and on the same medium to which the WR was added (Direct Cord Reading Agar). It was shown (5) that the percentage of positive culture as well as the results of the sensitivity tests to isoniazid, p-aminosalicylic acid and streptomycin were practically equal and that cords were visible in 93% of the mycobacteria isolated on this modified medium. This medium has also been shown (6) to produce a characteristic colony of the "V" strains (Runyon group III) which otherwise were indistinguishable from colonies of M. tuberculosis.
This investigation was done to compare the identification value of the Direct Cord Reading Agar with the standard identification techniques recommended by the National Communicable Disease Center (NCDC), Atlanta, Ga., under routine laboratory conditions. MATERIALS AND METHODS All sputum specimens were sent to the laboratory of the Mattapan Chronic Disease Hospital and, during an 11-month period, 2,081 specimens were evaluated.
The sputa were received in 50-ml plastic centrifuge tubes. To approximately 10 ml of sputum an equal volume of 2% sodium hydroxide solution was added. The tubes were shaken on a Vortex mixer for 30 to 40 sec and left for 25 min at room temperature. The tubes, then filled with distilled water, were centrifuged for 30 min at 4,000 rev/min (International angle centrifuge). After discarding the supernatant fluid, the sediment was suspended in 1.5 ml of bovine albumin 0.5% solution (prepared by diluting 30% sterile solution, Difco) and 0.4 ml was planted on each of two plates of Direct Cord Reading Agar. The plates, packed in plastic sandwich bags, were incubated at 37 C in 5% C02, examined at 12 and 21 days, and then discarded. Our previous experience (5) showed that after 21 days only a very small percentage of plates turned positive. For each specimen, we plant at the same time two Lowenstein tubes which are incubated for 60 days (5); therefore, we do not consider it worthwhile in our laboratory to continue the observation of the negative plates beyond 3 weeks.
The medium. An 0.5-ml amount of Triton WR 1339 (Ruger Chemical Co., Irvington on Hudson, N.Y.) is dissolved in 100 ml of distilled sterile water; 1 ml of this solution is added to 180 ml of 7H10 agar (Difco or BBL) before autoclaving. OADC enrichment is then added and the manufacturer's instructions are followed (or one may use the "OADC for Direct Cord Reading Agar, Difco" which contains the WR 1339). The plates are to be used only after 24 to 48 hr of storage at 6 C. Plates stored for more than 12 days should not be used.
After screening examination with a dissection microscope, those plates showing growth were examined under a Spencer microscope with a 10OX magnification (objective 1OX-NA 25 and a 1oX eyepiece). The colony morphology was noted and re- corded as thick cords, thin cords, poor cords, and no cords (Fig. 1A, B , C, and D). The following tests were performed with all isolates: niacin test, catalase at room temperature and 68 C at pH 6.8, as well as sensitivity to isoniazid (0.2 jig), p-aminosalicylic acid (3 Mg) , and streptomycin (4 jg). All isolates that were niacin-negative or catalase-positive at 68 C or resistant to one drug were subcultured to Lowenstein medium and retested for niacin and catalase. In addition the nitrate reduction, the Tween 80 hydrolysis, the light exposure, the growth at 25 C, and the tellurite reduction tests were done. The isolates producing poor or no cords were injected into guinea pigs.
The classification criteria were those suggested by Kastle, Abbot, and Kubica (2) and also published in the NCDC laboratory manual for mycobacteria (3) . RESULTS A total of 330 specimens were found positive for mycobacteria; 312 of the 330 positives were identified as M. tuberculosis and 18 as atypical mycobacteria (according to Runyon's classification).
The proportion of M. tuberculosis found on plates at 12 and 21 days is presented in Table 1 . The data are divided in two groups, one showing 560 LORIAN the results obtained from patients just admitted and supposedly not treated, and the other obtained from patients who received antibacterial treatment for one month or longer.
The proportion of the different cord patterns observed in the group identified as M. tuberculosis (according to the tests recommended by the NCDC) is shown in Table 2 . Table 3 shows the atypical mycobacteria isolated (identified according to the tests recommended by the NCDC).
Comparison between the results obtained with the identification methods recommended by the NCDC and the identification based on cords visible on Direct Cord Reading Agar is shown in Table 4 .
All the strains showing cords were confirmed to be M. tuberculosis; only 9.2 % of the strains of M. tuberculosis produced no cords or poor cords on first isolation. All the 29 strains of M. tuberculosis which produced poor cords or no cords on first isolation were virulent for guinea pig. None of the atypical mycobacteria was virulent for guinea pig.
None of the atypical mycobacteria isolated showed cords.
In four cases we found mixtures of M. tuberculosis and mycobacteria of group HI.
The cords were so conspicuous that a single colony of M. tuberculosis in the middle of an almost confluent growth of group III organisms was easily recognized ( Fig. 2A ). By the same token, one colony without cords (group III) in the middle of an almost confluent growth of M. tuberculosis (thin cords) was also noticed without difficulty (Fig. 2B) .
DISCUSSION
Of the positive cultures obtained from the admissions group, 59% was noticed at 12 days; of the treated group, 36% was noticed at 12 days. Almost all (97.6%) of these isolates showed cords on Director Cord Reading Agar and, according to our results presented in this and previous papers (4, 5) , the cording is evidence enough to report a strong presumption of M. tuberculosis. The positive cultures at 21 days showed thin or thick cords in 82.8% of cases.
In studying the 29 strains of M. tuberculosis which produced poor cords or no cords, we found that 27 of them produced clear cording on first subculture. It seems that the poor cording was the result of a dried plate (stored more than 12 days) or a too wet one (stored for less than 48 hr prior to use) rather than a characteristic of those strains. The other two strains of M. tuberculosis, even after repeated subculture and a passage through guinea pig, did not show cording onplates, although cording could be seen on smears pre- pared from the culture in 7H9 broth with 10% human plasma. However, in other experiments, we found one strain of M. kansasii as well as one of M. phlei (Trudeau Institute) that produced colonies exhibiting a cord-like aspect very similar to the patterns formed by M. tuberculosis.
For all practical purposes, the colonies exhibiting cords can be reported as "M. tuberculosis to be confirmed"; the colonies showing no cords should be further investigated and reported according to the routine procedure of each laboratory. Because more than half the cultures of new tuberculous patients are positive at 12 days and almost all strains of M. tuberculosis exhibited cords at this time, the routine use of the Direct Cord Reading Agar for the isolation and identification of mycobacteria was of great help for an early diagnosis of tuberculosis. For more than 2 years it has been the routine procedure at our mycobacteria reference laboratory and, to date, all reports "M. tuberculosis to be confirmed" have been confirmed as M. tuberculosis.
